Case: Amlodipine predominantly affects vascular smooth muscle cells. Amlodipine overdose usually presents with vasodilatory shock, accompanied by reflex tachycardia rather than bradycardia. An 81-year-old woman presented with impaired consciousness 8 h after ingesting 50 5-mg amlodipine tablets with suicidal intent. On admission, her blood pressure was 50/40 mmHg and her heart rate was 45 b.p.m. Serum amlodipine level was extremely high (474.4 ng/mL), causing refractory bradycardia. She remained hypotensive despite fluid resuscitation, and therefore was administered dopamine and norepinephrine. She was also administered glucagon and calcium gluconate, and underwent high-dose insulin euglycemic therapy.
INTRODUCTION
A MLODIPINE IS A dihydropyridine calcium-channel blocker (CCB) that predominantly affects vascular smooth muscle cells, and causes marked peripheral vasodilation and hypotension. Amlodipine overdose usually presents with vasodilatory shock, accompanied by reflex tachycardia rather than bradycardia. Here, we report a case of amlodipine overdose with refractory bradycardia effectively treated with isoproterenol infusion.The protocol for this research project was approved by a suitably constituted Ethics Committee of the institution and it conforms to the provisions of the Declaration of Helsinki. The Ethics Committee permitted publication of this clinical case without registration. The patient provided her informed consent for her anonymized data to be used in this report.
CASE
A N 81-YEAR-OLD WOMAN with a history of hypertension treated with only amlodipine was admitted to our emergency department with impaired consciousness 8 h after ingesting 50 5-mg amlodipine tablets with suicidal intent. On admission to the emergency department, blood pressure (BP) of 50/40 mmHg and heart rate (HR) 45 b.p.m. were recorded. Her Glasgow Coma Scale score was 13. The results of routine laboratory tests on admission were as follows: total leukocyte count 10,140/lL, serum creatinine 1.37 mg/dL, blood urea nitrogen 22.2 mg/dL, serum ionized calcium 1.14 mmol/L, and lactate 5.5 mmol/L. A 12-lead electrocardiogram revealed no abnormalities. Comprehensive toxicological analysis of the urine was negative.
Her medical history revealed only hypertension, treated with amlodipine, without a b-blocker or angiotensin-converting enzyme inhibitor. She was not diagnosed with depression before admission. The patient was diagnosed with an amlodipine overdose. She was intubated for airway protection and given fluid boluses. Intravenous vasopressor therapy was initiated (dopamine, 10 lg/kg/min; noradrenaline, 0.2 lg/kg/min). Atropine showed no effect on HR. She was hospitalized in the intensive care unit (ICU). The clinical course of the patient is shown in Figure 1 . On admission to the ICU, her BP was 50/35 mmHg with an HR of 40 b.p.m. She remained in a hypotensive state despite high-dose vasopressor therapy. A calcium gluconate (8.5%) infusion was initiated at a rate of 0.7 mL/kg/h, and her serum ionized calcium level was maintained at up to two times the upper limit of the reference range. On admission to the hospital, hyperglycemia was not shown. In this case, glucagon was given as a 100-lg/kg bolus followed by further doses at a rate of 100 lg/kg/h. In addition, highdose insulin euglycemic therapy (HEIT) was initiated by an insulin infusion at a rate of 15 units/h with 10% dextrose. Despite these interventions, the patient's hemodynamic parameters did not improve. High-dose insulin euglycemic therapy was subsequently stopped because the patient developed hypoglycemia 13 h after admission to the ICU. As the patient's serum ionized calcium level increased, her BP improved (Fig. 2) . The doses of noradrenaline and dopamine were decreased, but bradycardia continued to worsen. After 24 h in the ICU, the serum ionized calcium level peaked at 2.7 mmol/L. Blood pressure fell despite a consistently high serum ionized calcium level. A dobutamine infusion was started and was increased up to 6 lg/ kg/min to improve cardiac output with little effect. Despite these interventions, the patient's HR remained at 30-50 b.p.m., therefore, an isoproterenol infusion was started 26 h after ICU admission to improve cardiac output by increasing the HR. Soon after the infusion was started, the patient's HR increased. After 48 h in the ICU, the patient's serum ionized calcium level decreased to 1.5 mmol/L, and her HR and BP remained stable. Isoproterenol was weaned and stopped on ICU day 3. The patient was extubated on the same day, and she was discharged on day 14 without any complications. Fig. 1 . Clinical course of an 81-year-old woman with amlodipine overdose with hypotension and refractory bradycardia treated with calcium, glucagon, and high-dose insulin euglycemic therapy (HEIT) with various vasopressor agents and isoproterenol. Isoproterenol is effective for improving bradycardia. BP, blood pressure; HR, heart rate; ICU, intensive care unit.
DISCUSSION
C ALCIUM-CHANNEL BLOCKERS are among the most widely used treatments for hypertension, angina pectoris, and congestive heart failure. The American Poison Control Centers reported that cardiovascular drugs have the fourth greatest rate of increase of serious outcomes. 1 According to the National Poison Data System, CCBs were responsible for at least 17,720 exposures and 52 deaths in 2014 in the USA alone. 1 Expert consensus recommendations for the management of CCB poisonings were published and stepwise management was recommended. However, unfortunately, there are no strongly recommended first-line treatments for refractory patients and the level of evidence was very low. 2 Therefore, a multimodal therapeutic approach is often used according to the situation. [3] [4] [5] Calcium-channel blockers are categorized into three classes according to differences in chemical structure: phenylalkylamines, benzothiazepines, and dihydropyridines. Due to pharmacological selectivity, dihydropyridine CCBs (e.g. amlodipine, nifedipine) primarily affect the calcium channels in the smooth muscle 6 and, in cases of overdose, cause vasodilatory shock with reflex sinus tachycardia. 7, 8 Phenylalkylamines such as verapamil and benzothiazepines such as diltiazem cause cardiogenic shock in the case of overdose. Amlodipine overdose with b-adrenergic blockers or the other classes of CCBs do not present with reflex sinus tachycardia. In fatal cases, cardiac arrest can occur and extracorporeal life support is required to rescue the patient. Fig. 2 . Relationship between hemodynamic parameters and serum ionized calcium level, potassium level, and glucose level in an 81-year-old woman with amlodipine overdose with hypotension and refractory bradycardia. The serum calcium level was up to two times the upper limit of the reference range following continuous calcium infusion. Isoproterenol is effective for improving bradycardia. High-dose insulin euglycemic therapy (HEIT) was discontinued because the patient developed hypoglycemia 13 h after admission to the intensive care unit (ICU). BP, blood pressure; HR, heart rate.
In the present case, refractory bradycardia continued after admission to the hospital. The serum amlodipine level was 474.43 ng/mL at admission and 251.75 ng/mL 24 h later. These levels are extremely high compared to the maximum concentration produced by a single oral dose of amlodipine (5 mg) reported in a study of 16 healthy elderly people 10 (3.0 AE 1.1 ng/mL) and the peak serum amlodipine level reported in a study of six elderly Japanese patients given amlodipine (5 mg) daily for 8 days (14.9 AE 2.2 ng/mL) (published only in Japanese) 11 . A high serum amlodipine level causes loss of pharmacological selectivity. This could explain why the patient in this report experienced bradycardia with severe hypotension rather than reflex sinus tachycardia, as may be expected.
In the present case, the serum calcium level was up to two times the upper limit of the reference range following continuous calcium infusion. Hypotension improved, but oliguria and lactic acidosis continued. Dobutamine infusion was not enough to improve the patient's hemodynamic condition, thus, isoproterenol infusion was started to improve cardiac output by increasing the HR. The patient's condition began improving once the HR increased, and diuresis and normalization of the serum lactic acid level were also observed (Fig. 3) . A FlowTrack (Edwards Lifesciences, Irvine, CA, USA) was used to monitor the hemodynamic parameters, and the cardiac output index increased from 1.7 to 2.4 L/min/m 2 after starting the isoproterenol infusion. Isoproterenol is a non-selective b-adrenoreceptor to treat bradycardia associated with diltiazem and verapamil overdoses, which cause cardiotoxicity.
12 Based on the current report, 13 isoproterenol was used at 5-25 lg/min (maximal infusion rate is 60 lg/min). In our case, we started isoproterenol at Fig. 3 . Relationship between hemodynamic parameters and in-out balance and serum lactate level in an 81-year-old woman with amlodipine overdose with hypotension and refractory bradycardia. The patient's condition began improving once her heart rate (HR) increased, and diuresis and normalization of the serum lactic acid level were also observed. BP, blood pressure; ICU, intensive care unit. cardia is not often present in amlodipine overdose cases, there are no reports that used isoproterenol for amlodipine overdose. In our case, isoproterenol prevented the use of a pacemaker or extracorporeal life support. Isoproterenol may be effective for refractory bradycardia caused by extremely high serum amlodipine.
The use of calcium to treat CCB poisoning is physiologically reasonable and clinically indicated, but the response to calcium is also inadequate. [3] [4] [5] A systematic review 4 reported that adverse effects of therapeutic calcium infusion are rare following CCB poisoning. In the present case, the patient's BP improved in proportion to rising serum calcium levels, but her HR decreased. This finding was surprising, as calcium infusion has been reported to improve BP, but no reports to date have documented that calcium has an effect on HR. 4 Mild hyperkalemia (K = 6.0 mmol/L) due to acute renal failure was also present. It is unclear whether the progressively worsening bradycardia reported in this case was related to the adverse effects of artificial hypercalcemia due to continuous calcium infusion or hyperkalemia. However, acute hypercalcemia causes bradycardia, 14 and artificial hypercalcemia could have contributed to worsening bradycardia.
In conclusion, isoproterenol infusion is a promising treatment for hypotension with bradycardia caused by amlodipine overdose.
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